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1 Introduction

In last RAN2 meeting, there was some discussion on 2-step RACH and we had achieved the following agreement and an email discussion was triggered on 2-step RACH model and initial information contents. 
· RAN2 assumes that all Random access triggers in 38.300 9.2.6 may be applicable for 2-step CBRA. 

In addition, during the RAN#81 meeting, some further clarification on the scope of 2-step RACH was discussed and agreed that 
· A common 2-step RACH design for various use cases is desirable 

· PHY layer aspects of 2-step RACH design are not addressed in any of the on-going SIs (no SIDs updates) 

· 2-step RACH can be included in a later Rel-16 WI, per normal approval process
· Higher layer aspects of 2-step RACH can be studied within NR-U SI with the understanding that higher priority should be given to the feasibility of NR-U operation in the architectures described in the NR-U SID [RP-181339] and aspects that may require input from SA WGs.

Therefore, in this contribution, we would like to discuss about some detailed issues related to 2-step RACH and give corresponding proposals. 

2 Discussion
RAN2 already agreed to both CBRA and CFRA are supported for NR-U. For 4-step CBRA, since there may be Rel-15 UE camped in NR-U, 4-step CBRA should be supported. In 4-step CBRA, currently there are in total four steps including preamble transmission, RAR reception, Msg3 transmission and contention resolution. To perform a 4-step CBRA procedure on NR-based unlicensed cell, before each step as mentioned above, either a DL LBT or UL LBT is required as shown in Figure 1. Compared with 4-step CBRA procedure on licensed cell, additional latency is introduced due to the LBT procedure. Moreover, multiple LBT failures may result in RACH failure which is a waste of PRACH resource. Therefore, when designing the CBRA mechanism on NR-based unlicensed cell, LBT latency needs to be taken into consideration and some enhancements may be needed to improve the efficiency. 
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Figure 1 4-step RACH procedure
There are some proposed solutions to relieve the LBT impact on 4-step CBRA e.g, two-step RACH as shown in Figure 2.
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Figure 2: 2-step RACH procedure

2.1 Use cases and scenarios

Actually in last meeting, we already discussed about the triggers for 2-step RACH and the conclusion is that RAN2 assumes that all Random access triggers in 38.300 9.2.6 may be applicable for 2-step CBRA. However during the email discussion, it was suggested by the rapporteur to confirm which ones “are” or “should be” actually applicable and whether any of them will need further study. Actually some companies proposed that for CFRA, 2-step RACH may not be needed as legacy CFRA is already 2-step. And some other companies pointed for Msg 1 based SI request as well as BFR, there is no UL data transmission involved, so it seems the benefit to support 2-step RACH for these cases is not clear. 
However, we think from RAN2 perspective, RAN2 can assume that all triggers should be valid for 2-step RACH, according to the agreement from RAN plenary that “A common 2-step RACH design for various use cases is desirable”. And based on plenary guideline, there is no need to study further how these triggers can be supported by RAN1 as PHY layer aspects of 2-step RACH design are not addressed in any of the ongoing SIs. So currently in RAN2, there is no need to further study these triggers as finally all triggers need to be confirmed in RAN1 and given the lack of RAN1 work in SI phase, RAN2 can assume that all triggers should be applicable for 2-step RACH and RAN1 can confirm them in the WI phase.  

Proposal 1: RAN2 assumes all triggers in TS 38.300 apply to 2-step RACH. Needs to be confirmed by RAN1 in the WI. 
However, in order to leave more control to the gNB when allocating PRACH preamble resources, it makes sense to introduce some mechanisms to restrict the usage of 2-step RACH for certain cases (e.g. procedures/services/radio condition, etc), which was also discussed and agreed during the NR SI [2]. Since the gNB is able to limit the scenarios/use cases for 2-step RACH, the most straightforward method is to allow the gNB to optionally configure the 2-step RACH resources.

Proposal 2: Network can restrict the usage of 2-step RACH for certain cases (e.g. procedures/services/radio condition, etc).
Proposal 3: The 2-step RACH resources are optionally configured by the network. 
2.2 Initial content 
During the email discussion, there was some questions related to the initial content of Msg1 and Msg2 in 2-step RACH procedure. Especially for Msg1, it was proposed to assume Msg1 as a preamble-like signal with payload and most companies support to have this kind of assumption in RAN2. However, from our perspective, it does not make much sense to discuss about the detailed content of Msg1 as this is not a pure RAN2 issue and some input from RAN1 is quite important and necessary, e.g., whether to include preamble in Msg1. In addition, currently RAN2 can only assume that an equivalent information sent in Msg3 for legacy 4-step RACH procedure should be carried in the Msg1 in 2-step RACH, as different payload including RRC message and/or UE ID will be carried for different RRC states, which results in possible different size of this new message and then further impacts the detailed message design and needs to be confirmed in RAN1. However, according to the agreements achieved in RAN#81 meeting, PHY layer aspects of 2-step RACH design are not addressed in any of the on-going SIs, and in this case given a lack of RAN1 work during the SI phase, from RAN2 perspective, we should hold on the discussion on the detailed content of the first message in 2-step RACH.   
Proposal 4: RAN2 holds on the discussion on the detailed content of the first message in 2-step RACH as this is highly dependent on RAN1. 
For the content of Msg2 in 2-step RACH, generally we think the information carried in Msg2 and Msg4 for legacy 4-step RACH including RAR and contention resolution should be carried. However, actually we think how contention resolution is resolved should be up to RAN1 study and it seems not quite necessary to make any assumption in RAN2 at the current stage due to a lack of RAN1 job during the SI. 
Proposal 5: How to resolve the contention resolution should be up to RAN1. 
As for the content of RAR, we have the following detailed analysis:

· Timing Advance Command field: it is not clear whether TA is needed or not as for NR-U, if the cell is quite small cell, it is able to transmit without TA, but if not, then TA is needed. So it seems TA should be at least optional. 
· UL grant: It is not clear if the UL grant field is required or not. In legacy 4-step RACH, this grant is used for Msg3 transmission but for 2-step RACH, since the equivalent information sent in Msg3 is carried in the first message, it should be further justified whether an UL grant carried in the second message of 2-step RACH is still needed. 
· Temporary C-RNTI: whether temporary C-RNTI is needed or not depends on the detailed design of Msg2, i.e., whether RAR and contention resolution are multiplexed as a whole message with the same scrambled RNTI or two separate messages with different scrambled RNTIs. For the first case, temporary C-RNTI is not needed as RA-RNTI can be used for monitoring this message while for the second case, temporary C-RNTI can be included which is used for the UE to decode a follow-up PDDCH that schedules the final contention resolution message. 
Proposal 6: TA should be optionally included in the RAR for 2-step RACH. FFS whether UL grant and TC-RNTI is included or not.   
2.3 Fall back mechanism
In last meeting as well as during the email discussion, there was some discussion whether to support fall back to 4-step RACH after sending the first message in 2-step RACH. And most companies support to have this kind of fall back mechanism. Actually this is under a case that the NW may fail when decoding the data part of Msg1 but corresponding preamble is correctly decoded as data is transmitted on the data resources which may be associated with one or multiple PRACH preambles. In this case, the NW may take this preamble as the first step of a legacy 4-step RACH procedure and then reply a legacy RAR. 

However we think for this issue, firstly, we needs to settle down the content of Msg1 before we talk about fall back mechanism. As the scenario described is based on the assumption that preamble is included in the first message in 2-step RACH but actually as we already mentioned, whether preamble should be include or not is up to RAN1 determination. In addition, even if RAN1 agrees to have preamble in Msg1, whether fall back should be supported still depends on whether RAN1 will introduce additional mechanisms to distinguish preambles for 2-step and 4-step RACH, e.g, through PRACH resource or preambles. It the NW is able to distinguish different preambles for 2-step and 4-step RACH, then a fall back solution may not be needed. So we think it is too early to discuss about fall back mechanism and if discussed, this should be discussed in RAN1 firstly as this is highly dependent on RAN1.

Proposal 7: RAN2 should not discuss whether to support fall back mechanism or not as this is highly dependent on RAN1. 
3 Conclusion

In this contribution, we discuss about some details related to 2-step RACH and we have the following proposals. 
Proposal 1: RAN2 assumes all triggers in TS 38.300 apply to 2-step RACH. Needs to be confirmed by RAN1 in the WI. 
Proposal 2: Network can restrict the usage of 2-step RACH for certain cases (e.g. procedures/services/radio condition, etc).
Proposal 3: The 2-step RACH resources are optionally configured by the network. 
Proposal 4: RAN2 holds on the discussion on the detailed content of the first message in 2-step RACH as this is highly dependent on RAN1. 

Proposal 5: How to resolve the contention resolution should be up to RAN1. 

Proposal 6: TA should be optionally included in the RAR for 2-step RACH. FFS whether UL grant and TC-RNTI is needed or not.   
Proposal 7: RAN2 should not discuss whether to support fall back mechanism or not as this is highly dependent on RAN1. 
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